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An overview of main issues justifying an evaluation of the economic 
potential and societal-benefits of data from ocean observatories 
 
 
I. Background and Aim 
 
The following is a summary of the arguments and views presented and expressed by a 
variety of individuals in a series of meetings over the course of a twelve-month period during 
which the merits and challenges to an AtlantOS-OECD initiative on ocean data were 
discussed. The contents for these meetings were defined by individuals representing a 
variety of institutions including a number of AtlantOS partners, the OECD, NOAA, the 
Institute for Ocean Resources Exploitation Ltd. (Canada) and the London School of 
Economics. In addition to numerous tele- and bilateral meetings, two more formal meetings 
took place:  
 A meeting of 6 people on the occasion of the Oceanology International Trade Fair (15 – 
17 March 2016) held in London on 16 March 2016. 
 A joint AtlantOS-OECD scoping workshop to discuss and assess the economic potential of 
enhanced ocean observation. Approximately 25 experts attended the meeting, which 
was held from 27-28 June 2016 in Kiel. In preparation for the Kiel workshop, background 
information was collected to provide an overview of the main issues facing ocean 
observatories and their value-added to society. Specifically, speakers were invited to 
prepare detailed presentations and an annotated bibliography was prepared (see 
Annexes 2 and 3). 
One of the key preparations for these workshops was an annotated bibliography (Annex 1) 
which serves to review the existing literature on the economic benefit of ocean 
observatories.  
 
The aim of the discussions referred to above was to assess whether a situation was given, 
that could justify a more detailed assessment of the economic potential of data from ocean 
observatories. Overall, participants in the meetings agreed there was a need for such an 
initiative. They also agreed that its broader aim should be to develop a better understanding 
of the role of ocean data from in situ and space-based observatories in the ocean economy 
and its long-term outlook, including the creation of new jobs. It was argued that specific 
emphasis should be placed on analyzing the 'big data' economic value chains and locating 
the large public sector investments in ocean observation therein. The study would thus 
contribute to decision-making on the future of ocean observations, by better understanding 
their potential societal benefit and the financial sustainability needed to this end? 
 
This report summarizes the views arguing for launching a joint AtlantOS-OECD initiative. This 
is important, as there existed a wide range of views on what such an assessment should 
focus on and upon what data and information it could be based. In fact, at the above 
mentioned meetings there was not a single individual that argued against assessing in more 
detail the economic potential of data from ocean observatories. This report serves to 
summarize the variety of views expressed during these initial discussions. As such, it draws 
specifically on the meetings and discussions held up to and including the Kiel workshop, 
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including the attached bibliography and presentations. The current report was written, the 
bibliography prepared and the above workshops were organized in fulfilment of AtlantOS 
Deliverable 10.3. 
 
Please note: A workshop report detailing the discussions of the Kiel meeting, including the 
priorities for next steps will be delivered as D10.4. 
 
 
II. The main issues justifying a detailed study of the economic potential of data from ocean 
observatories 
 
Societal Benefits of ocean observatories 
Over the past two decades an increasing number and variety of ocean observatories has 
been and is still being launched. Improvements in technologies, including sensor 
developments and technological efficiency gains, have helped this spread. However, 
observers have noted that the demand for data from the oceans is also growing. A number 
of specific reasons for this increasing demand have been cited, including that data are 
valuable:  
 For an increasing number of economic interests; 
 For technology testing and development (e.g. calibration); 
 For an improved scientific understanding of the oceans; 
 For a better understanding of the natural capital and ecosystem benefits of the oceans; 
 For a better understanding of the role of the oceans in the overall earth system and 
especially their role in weather and climate; 
 To the formulation of policies, monitoring of policy compliance and effectiveness 
associated with measures to protect the environment or regulate ocean uses, for safety 
and emergency response, as well as the protection of coastal communities; 
 To support operational needs, e.g. for metocean information needs of commercial 
maritime activities and operations. 
 
Historically, sustained ocean observations have developed as a patchwork of research 
initiatives as well as policy/regulation-driven monitoring and observations for specific 
operational/commercial needs. Since 1990 and the establishment of the Global Ocean 
Observing System, states have begun to agree that sustained and integrated operational 
capacity supporting research and multiple socio-economic were needed. Only more recently 
have national components of GOOS reached significant levels of maturity as integrated 
systems delivering sustained data and information services e.g. IOOS (USA), IMOS (Australia), 
Copernicus (EU), Ocean Networks (Canada). One of the biggest characteristics of the recent 
developments is that so far most functioning ocean observatories have been funded by 
individual states, though sometimes in small international consortia. ARGO is one of very 
few global exceptions, though contributions to this effort are nationally funded and 
operated, except in the case of the EU. One of the few areas of more systematic 
international cooperation is on the conceptual front, including the development of the 
Essential Ocean Variables in 2009. 
 
Challenges in quantifying the societal benefits 
According to some observers, one of the key challenges holding-back the development of 
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more systematic observing systems has been the issue of defining and quantifying the 
societal benefits. To date, most political and scientific decisions regarding ocean 
observatories at the European and international levels have been based on the assumption 
that the socio-economic benefit justifies the expenditure on marine scientific research and 
operational oceanography. It was specifically noted by some observers that the ocean 
observatories community has been lucky to have many observation systems approved 
because even though the assumptions about societal benefit are probably broadly correct, 
but are hard to prove. Indeed, some observers are convinced that it is possible that the real 
benefits of an ocean observing system are much higher than is expected, but again this is 
difficult to prove without the data or even a recognized method for such a calculation.   
 
The lack of empirical evidence to assess the value-added of ocean observatories was 
deemed by some observers to be the result of operational oceanography probably being in 
an immature pioneer state during the 1990s and early 2000s. In that stage, simple and 
approximate means were applied to measure probable benefit. One observer described 
what was termed a “Zero Order Calculation” as being particularly popular in some countries. 
According to this method you sum the turnover, revenue or value added by all marine 
industries and related activities to arrive at a percentage of GNP, and then assume that 
operational oceanography could add approx. 1% to this figure through improved efficiency 
as well as loss and accident avoidance. A number of studies start by alluding to the 
complexity of cost-benefit analysis and then resort to the 1% rule as a pragmatic expedient. 
As a result of such uncertainty, most benefit analyses have been confined to case studies of 
specific benefits for direct applications (e.g. harmful algae blooms and beach closures as well 
as port observations and port operations). These are derived with widely differing 
methodologies and sometimes inconsistent results. They are also often locally specific and 
thus difficult to aggregate and/or compare. These observations are widely reflected in the 
existing literature (see Annex 1). 
 
Ultimately, observers agreed that if further investment is to be considered on a large and/or 
global operational scale, the socio-economic justification for ocean observation must 
become much more robust. During the discussions, participants identified a variety of 
specific challenges facing attempts at articulating more sophisticated cost-benefit analyses 
regarding ocean observatories. These include:  
 The length and fragmented nature of the value chain from the scientific community 
through operational oceanography to commercialization; 
 The diversity and growing set of users; 
 Multiple levels of government bodies with different and sometimes overlapping and 
competing policy responsibilities and data rights; 
 Differing interests between ocean scientists and ocean business; 
 The relative ease of mobilizing short-term, up-front capital expenditures (CAPEX) by 
comparison to the relative difficulty of securing long-term operating expenditures 
(OPEX); 
 The incompatibility and fragmentation of data from different sources (different formats, 
nomenclature, baselines, standards, etc.) 
In addition, specific difficulties of quantifying benefits were highlighted, especially if the aim 
is to analyze the concrete commercial benefits. Some difficulties noted include the lack of or 
missing precise information for Maritime and Ocean Enterprise subsets form national 
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statistical agencies. 
 
Potential Approaches to measure the Societal Benefits 
To overcome these challenges requires a combination of experience in operational 
oceanography and economic skills, especially at the design stage. However, it was warned 
that rushing this stage might be counter-productive since the future funding and 
management of operational oceanography will require both broad total figures, plus 
accurate technological and economic models of sub-sectors so that the system can be 
understood as it evolves. Methods must be developed for aggregating benefits and costs 
from separate sub-sectors in a way which avoids double counting or gaps. Ultimately, a focus 
for such efforts could be to calculate one “headline” figure for the best estimate of the net 
present value (NPV) for operational oceanography over the next 20-50 years, plus a series of 
different net benefits based on different assumptions and models, also broken down into 
sectors with different characteristics and time-frames. 
 
In terms of looking to the potential benefits of a detailed study on the economic potential of 
ocean observatories, observers raised a number of questions which should be considered or 
indeed answered. These include: 
 How are the benefits for the economy, environment or society similar or how do they 
differ? 
 What main benefits can be envisaged for the future? 
 How can industry (ship owners, wind farm operators, etc.) be mobilized to partner with 
publicly-funded efforts on ocean observation and mapping? 
 What operational priorities should be recommended? 
 How can a benefit analysis be linked to a resources-needed analysis? 
 If choices have to be made, should money from research budgets be spent on 
observation or mapping instead? 
 What are the different roles of research institutions, private sector, states and 
international organizations, and how can these be made to be complementary? 
 What is the scope for and potential benefit of international cooperation? 
 
On the basis of the arguments summarized above, the key partners listed at the beginning 
agreed that a joint AtlantOS-OECD scoping workshop on the economic potential of data from 
ocean observatories should be organized. This workshop was held in conjunction with the 
2nd AtlantOS Annual General Meeting in Kiel from 27-28 June 2016. A report of the 
discussions of this workshop as well as the recommendations for next steps will be covered 
by Deliverable 10.4.  
 
In addition to and on top of the commitments made in the AtlantOS Description of Activities, 
it is foreseen that AtlantOS will contribute as far as possible to the hosting of further expert 
meetings as well as a final report (planned for 2018) on the economic potential of data from 
ocean observatories.  This report will be published by the OECD as part of its Future of the 
Ocean Economy project. As specified in the AtlantOS mandate, a concrete effort is being 
made to build long-term international partnerships which will better understand and 
demonstrate the utility of integrating in-situ and satellite observations both for ocean and 
climate change research and for informing a wide range of maritime industry and other 
sectors. 
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AtlantOS-OECD scoping workshop “Economic potential of data from ocean observatories”   Introduction  The aim of this short bibliography is to represent the findings and/or the results of some studies, reports, papers and articles dealing with the economic, potential value of data out of the oceans.  Each of the entries has been structured in the following way: First, the purpose of the study is described. Second, the main findings are depicted. In the end specific aspects concerning data collection, management, etc. are emphasized.  Please note that this annotated bibliography is a work in progress and will be updated regularly as the study develops.    Annotated Bibliography  1. Kite-Powell, Hauke/Teisberg, Tom (lead authors) (2000): The Economics of Sustained Ocean Observations: Benefits and Rationale for Public Funding, NOAA and Office of Naval Research: Washington, DC This report summarizes the results of a cost-benefit analysis of the Integrated Sustained Ocean Observing System (ISOOS) carried out by the members of the ISOOS Economic Panel. The cost-benefit analysis suggests that there is strong evidence that the data information from ISOOS will produce significant economic benefits for a wide range of activities like seasonal forecasts and coastal management. The contribution to the U.S. economy of industries and activities that have been identified as likely beneficiaries of ISOOS products is on the order of US $1 trillion. The members of the ISOOS Economic Panel conclude that ISOOS benefits will significantly exceed costs and that this project should move forward. Furthermore, the network externalities (e.g. a wide and diverse group of users will be provided) and public-good characteristics of ISOOS argue for Federal support to achieve the full benefits of the system. Otherwise, e.g. the uncertainty about benefit acts as an impediment to private negotiations could hinder the development of e.g. private cost sharing agreements. The public funding should be used to provide the basic data collection and verification operations envisioned in ISOOS. In the end ISOOS would broaden and systemize the collection of ocean data, due to the integration of hundreds of thousands of measurements from the world´s oceans in conjunction with mathematical models. As a result a more sophisticated understanding of ocean-related systems become possible.   2. Flemming, Nicholas C. (2001): Dividends from investing in ocean observations: a European perspective, in: Koblinsky, C.J. / Smith, N.R.: Observing the Oceans in the 21st Century, Southampton Oceanography Centre: Southampton, pp. 66-84. This paper presents a case for increasing European investment in ocean observations, although it concedes there are insufficient economic data to conduct a strictly controlled cost-benefit analysis. 
Work in progress -  
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The paper argues that because ocean industries and services are subject to uncertainty, loss of efficiency, and direct costs and damage caused by the unpredictable forces of the marine environment there is a need for an efficient ocean observing system. The paper pursues several questions: Why such a system is needed? How it should be paid for? And, how can the costs and benefits be measured? In the end, the author highlights five important issues: First, an ocean observing system generates positive dividends much greater than its costs for Europe. Second, Europe has a positive incentive to support the development of such a global system. Third, ongoing economic studies indicate that the discount rate should be closer to 1 % and thus it is more worth developing long term ocean observing programs. Fourth, for Europe as an archipelago continent it is practical to develop marine observing systems at all scale from coastal to shelf scale to oceanic. Ultimately, the existing European institutions and national facilities provide many of the components needed for a Europe-wide ocean observing system.   3. Kite-Powell, Hauke L. (2009): Economic Considerations in the Design of Ocean Observing Systems, in: Oceanography, Vol. 22 No. 2, The Oceanography Society: Rockville, MD, pp. 44 - 49 This article summarizes and discusses a National Oceanographic Partnership Program (NOPP) study on the economics of ocean observing system information. It also presents a general framework for incorporating economic information into observing system design. The author describes the beginning of such an application process by estimating the potential benefits from the Northeast regional ocean observing system to the northeast region of the United States. Some of the key questions the author considers in the debate concerning public investment in improved ocean observing infrastructure are: How much, and how fast, should investments be made in better ocean observing systems? What should these observing systems look like? The answers to both questions depend, in part, on how much economic value these improvements are expected to generate. The author concludes arguing that the economic value delivered by properly designed ocean observing systems is likely to exceed their costs, and that targeted public investment in observing systems is justified.   4. Witze, Alexandra (2013): Marine science: Oceanography`s Billion-Dollar Baby, in: Nature News, Vol. 501, Macmillan Publishers: London, pp. 480 -482 This article describes the large-scale undersea U.S. project (U.S. Ocean Observation Initiative [OOI]), in which a 925-kilometre network of fibre-optic cable and instruments are being installed on the seabed off the coast of Washington and Oregon. The aims of the OOI is to open a permanent window onto the sea floor and to create a flood of continuous information from select sites.  The article highlights the controversy over the project, which is criticized by many U.S. oceanographers who argue that the cost of US$ 1.8 billion over 25 years it too expensive.  Proponents argue that current alternatives are simply insufficient. The project is planned to consist of several stations, which will link about 760 sensors of 47 different designs to collect data on variables ranging from water temperature, salinity and density to acidity, carbon dioxide and oxygen levels. Ultimately, OOI seeks to collect a broader selection of data than those efforts existing already.  Everyone can use the OOI data, but the data set it is not exhausted. For example, for microbiological 
Work in progress -  
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monitoring the researchers still have to go on abandon field trips, because there is no instrument they could plug in for microbiological monitoring.   5. United Nations Conference on Trade and Development(UNCTAD) (2014): The Oceans Economy: Opportunities and Challenges for Small Islands Developing States (SIDS), United Nations Publication: New York, NY This study aims to clarify the nascent and developing concept of the oceans economy, especially for SIDS. The authors identify the main trade and development opportunities and challenges in the ocean space, evaluate the role of the multilateral trading system (MTS), and provide an overview of the current multilateral trade negotiations regarding the oceans economy. The authors argue that oceans are facing significant existential ecological risks that can negatively affect social and economic prospects, particularly of SIDS and coastal states. The study concludes that, in general, the ocean economy offers significant development opportunities, but also raises challenges for SIDS, especially in sectors such as sustainable fisheries and aquaculture, renewable marine energy, marine bio-prospecting, maritime transport and marine and coastal tourism. One more specific conclusion is that trade in marine products can create opportunities for economic growth, export diversification and new investments. Due to the development of new technology, marine resources become more accessible and new economic and trade sectors could emerge generating for example new job opportunities.    6. Integrated Ocean Observation System (2016): The Ocean Enterprise – A study of US business activity in ocean measurement, observation and forecasting, ERISS Corporation: Carlsbad, CA The aim of this study is to determine the extent of United States private sector, commercial activity in support of ocean measurement, observation and forecasting and the sale of ocean information to underpin safety, economic and environmental benefits. It is a contribution to our understanding of the ocean enterprise, especially for the US, but also for countries around the world, by investigating e.g. the visibility, importance and measurement in this field. Additionally, it seeks to provide a baseline against which to measure future developments in this field and as a support to future studies of the wider ocean economy. The study defines “ocean enterprise” in this field as encompassing both for-profit and not-for-profit businesses and institutions which support ocean measurement, observation and forecasting. Two main categories of ocean enterprise firms are identified: (i) providers of infrastructure for ocean observation, measurement, or forecasting and (ii) intermediaries that make use of ocean, coastal and inland water measurements, observations as well as models as input to the creation of value-added information products in support of particular end-uses. End-users (including the science community and marine industry sectors) of ocean information are not included in the scope of the study. The results of this study indicate a diverse and dynamic sector, with large potential for growth and innovation. The study concludes that the revenue of ocean enterprise organizations in the US could range as high as $58 billion. Moreover, potential for new business for existing firms is tremendous, because the expanding infrastructure needs and the need for new applications using ocean observation data become magnified in conjunction with the growth and demand from the sectors the ocean enterprise directly underpins.  
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 OECD Ocean Economy Group     Directorate for Science, Technology and Innovation       
 
OECD Ocean Economy Group / AtlantOS project 
Workshop 
Exploring the Economic Potential of Data from Ocean Observatories 
 
27 ‐ 28 June 2016 
Kiel, Germany 
 
(Version 21 June 2016)  
 
Many countries have made over the years large public‐sector investments to collect data about various aspects of 
the  ocean,  including  climate‐ocean‐land  interactions,  environmental  and  physical  oceanographic  changes, 
geological risk assessments, etc.  Are such investments a cost‐effective means for improving our understanding, 
use and protection of the oceans? Which case studies exist to demonstrate value for money? What established 
methodologies should be used to provide evidence to policy‐makers?  
 
Building on the work conducted at the OECD in a wide range of ocean‐related policy areas, this workshop, co‐
organised with the AtlantOS EU project, will start scoping the role and impacts of ocean observations in the wider 
economy. The event will bring together invited experts from ministries, industry and international organisations.  
 
14.00  WELCOME AND OPENING SESSION 
o Claire Jolly, Head, OECD Ocean Economy Group 
o Jan‐Stefan Fritz, Head Brussels Office, Konsortium Deutsche Meeresforschung (KDM) 
 
 
14.15  SESSION I. SETTING THE SCENE: OVERVIEW OF KEY OCEAN OBSERVATORIES 
 
This session will define “ocean observatories” and provide an overview of the main types of ocean observation 
systems  and  data.  The  objective  is  to  scope  relevant  programmes,  and  give  an  indication  of  the  breadth  of 
technologies  and  information  infrastructure  involved  in  ocean  observations,  so  that  participants  develop  a 
common vocabulary.  
 
o Martin Visbeck (GEOMAR Helmholtz Centre for Ocean Research):  Overview of the main ocean observing 
systems 
o Matt Mowlem (UK National Oceanography Centre):  What major innovations are on the horizon that 
could impact existing systems? 
 
15.15   SESSION II. BASICS ABOUT SOCIO‐ECONOMIC EVALUATION OF OCEAN OBSERVATORIES 
This session introduces the basics of socio‐economic evaluation of ocean observatories. What methods have been 
used so far? What are the benefits that can be expected from ocean observations?  
 
o Claire Jolly (OECD): Introduction with OECD perspectives on evaluation 
o Ralph Rayner (LSE):  An overview of the expected economic benefits of ocean observations 
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16.00‐16.30       NETWORKING PAUSE 
 
16.30   SESSION III. CASE STUDIES: HOW HAVE SELECTED OCEAN OBSERVATORIES BEEN EVALUATED 
SO FAR? 
This  session will  provide  findings  from  relevant  case  studies  on  socio‐economic  impact  assessment  of  ocean 
observatories  conducted all  over  the world.  The objective  is  to  review past  and  current  practices  in  trying  to 
evaluate specific programmes or systems, and compare the studies’ results and key challenges. 
 
o Zdenka Willis (NOAA): Lessons learned from NOAA’s Integrated Ocean Observing System 
o Albert Fischer (IOC‐UNESCO): Evaluating the Global Ocean Observing System (GOOS) 
o Glenn Nolan (EuroGOOS): Case studies from the European Ocean Observation System 
o Iain Shepherd (EC): Evaluation practices from an EC perspective 
 
18.00  CLOSE OF FIRST DAY 
 
Tuesday, 28 June 2016 
 
9.00   SESSION III. CASE STUDIES: HOW HAVE SELECTED OCEAN OBSERVATORIES BEEN EVALUATED SO 
FAR?   (continuing) 
o Jim Hanlon (IORE): Lessons learned from Canadian experiences  
 
 9.30   SESSION IV. THE WAY FORWARD IN EVALUATING OCEAN OBSERVATORIES 
This session will  focus on the next steps  in terms of economic evaluation of ocean observations. A number of 
international  initiatives are underway  (e.g. Galway  Statement on Atlantic Ocean Cooperation,  the EU  flagship 
project AtlantOS...), and many national projects are also taking place in parallel.  The objective of the session will 
be to identify current initiatives to foster increased co‐ordination of efforts.  
 
12.00    CLOSE OF THE WORKSHOP 
 
12.15    LUNCH 
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D
 S
pa
ce
 F
or
um
 /
 O
ce
an
 E
co
no
m
y 
G
ro
up
 
D
ir
ec
to
ra
te
 fo
r 
Sc
ie
nc
e,
 T
ec
hn
ol
og
y 
an
d 
In
no
va
ti
on
O
rg
an
is
at
io
n
fo
r 
E
co
no
m
ic
 C
o-
op
er
at
io
n 
an
d 
D
ev
el
op
m
en
t
O
E
C
D
 O
ce
an
 E
co
no
m
y 
G
ro
up
 /
 A
tl
an
tO
S
pr
oj
ec
t
W
or
ks
ho
p:
 E
xp
lo
ri
ng
 th
e 
E
co
no
m
ic
 P
ot
en
ti
al
 o
f D
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a 
fr
om
 O
ce
an
 O
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er
va
to
ri
es
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 J
un
e 
20
16
, K
ie
l, 
G
er
m
an
y
O
E
C
D
’s
 r
ec
en
tl
y 
pu
bl
is
he
d 
fla
gs
hi
p 
re
po
rt
 o
n 
Th
e 
O
ce
an
 E
co
no
m
y 
in
 2
03
0 
•
pr
ov
id
es
 a
n 
or
ig
in
al
 fo
rw
ar
d-
lo
ok
in
g 
as
se
ss
m
en
t o
f t
he
 o
ce
an
 e
co
no
m
y 
to
 
20
30
 a
nd
 b
ey
on
d.
 
•
pl
ac
es
 p
ar
ti
cu
la
r 
em
ph
as
is
 o
n 
th
e 
de
ve
lo
pm
en
t p
ot
en
ti
al
 o
f e
st
ab
lis
he
d 
an
d 
em
er
gi
ng
 o
ce
an
-b
as
ed
 
in
du
st
ri
es
, 
•
as
 w
el
l a
s 
on
 th
e 
im
pl
ic
at
io
ns
 fo
r 
th
e 
oc
ea
n 
en
vi
ro
nm
en
t a
nd
 o
ce
an
 
m
an
ag
em
en
t. 
Ba
ckg
rou
nd
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Th
er
e 
ar
e 
gr
ow
in
g 
de
m
an
ds
 o
n 
ev
al
ua
tio
n 
of
 S
ci
en
ce
 &
 T
ec
hn
ol
og
y 
in
 e
ve
ry
 d
om
ai
n
•
D
em
an
d 
fo
r 
ev
al
ua
ti
on
 in
cr
ea
si
ng
 a
s 
a 
to
ol
 fo
r 
pr
io
ri
ty
 
se
tt
in
g 
 a
nd
 d
ec
is
io
n 
m
ak
in
g.
 
•
…
 a
nd
 e
vo
lv
in
g 
fr
om
 e
va
lu
at
in
g 
th
e 
qu
al
it
y 
of
 r
es
ea
rc
h 
(v
ia
 p
ee
r 
re
vi
ew
)  
–T
o 
as
se
ss
in
g 
th
e 
ou
tc
om
es
, o
ut
pu
ts
 a
nd
 im
pa
ct
s 
of
 
pu
bl
ic
 R
&
D
 
–T
o 
In
cr
ea
si
ng
 in
te
re
st
 in
 e
va
lu
at
in
g 
en
ti
re
 r
es
ea
rc
h 
sy
st
em
s,
 r
es
ea
rc
h 
po
rt
fo
lio
s 
an
d 
in
fr
as
tr
uc
tu
re
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E
va
lu
at
io
n 
ca
pa
ci
ty
 r
em
ai
ns
 w
ea
k 
an
d 
fr
ag
m
en
te
d 
in
 m
os
t c
ou
nt
ri
es
 
•
E
va
lu
at
io
n 
fu
nc
ti
on
al
ly
 fr
ag
m
en
te
d 
(b
as
ic
/a
pp
lie
d)
; 
•
R
ol
e 
of
 o
ut
si
de
 e
va
lu
at
or
s 
•
Im
po
rt
an
ce
 o
f s
ta
nd
ar
ds
 fo
r 
ev
al
ua
ti
on
 (H
an
db
oo
k)
•
R
ol
e 
of
 s
el
f-
ev
al
ua
ti
on
 
•
E
st
ab
lis
hi
ng
 fo
llo
w
-u
p 
pr
oc
es
s 
an
d 
co
ns
eq
ue
nc
es
 
•
R
ol
e 
of
 s
ta
ke
ho
ld
er
s 
ou
ts
id
e 
re
se
ar
ch
 e
st
ab
lis
hm
en
t 
(e
.g
. i
n 
pe
er
 r
ev
ie
w
 c
om
m
it
te
es
)
4
E
va
lu
at
io
n 
ca
n 
no
 lo
ng
er
 b
e 
do
ne
 s
ol
el
y 
in
 
re
la
tio
n 
to
 th
e 
na
tio
na
l s
itu
at
io
n…
…
 b
ut
 m
us
t b
e 
do
ne
 in
 th
e 
lig
ht
 o
f i
nt
er
na
ti
on
al
 
co
m
pa
ri
so
ns
•T
he
 u
se
 o
f i
nt
er
na
ti
on
al
 c
om
pa
ri
so
ns
 in
 p
ol
ic
y 
an
al
ys
is
 is
 in
cr
ea
si
ng
•T
he
 e
va
lu
at
io
n 
of
 p
ub
lic
 p
ol
ic
ie
s,
 e
sp
ec
ia
lly
 in
 
th
os
e 
ar
ea
s 
w
he
re
 c
ou
nt
ri
es
 a
re
 c
om
pe
ti
ng
, 
ca
nn
ot
 b
e 
do
ne
 w
it
ho
ut
 r
ef
er
en
ce
 to
 
in
te
rn
at
io
na
l b
en
ch
m
ar
ks
. 
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Im
pa
ct
 a
ss
es
sm
en
t 
is
 p
ar
to
f e
va
lu
at
io
n 
bu
t t
he
 
ra
tio
na
le
 fo
r 
im
pa
ct
 a
ss
es
sm
en
t 
is
 e
xp
an
di
ng
 
•
Im
pa
ct
 a
ss
es
sm
en
t i
s 
m
or
e 
th
an
 m
ea
su
ri
ng
 s
uc
ce
ss
 in
 
m
ee
ti
ng
 p
as
t o
bj
ec
ti
ve
s 
•
A
bo
ut
 d
et
er
m
in
in
g 
w
he
re
, w
ho
 a
nd
 h
ow
 m
uc
h 
to
 fu
nd
 
re
se
ar
ch
 a
nd
 a
nt
ic
ip
at
e 
w
ha
t s
oc
ie
ty
 g
et
s 
in
 r
et
ur
n.
 
•
A
n 
im
pa
ct
 a
na
ly
si
s 
sh
ou
ld
 h
el
p 
de
te
rm
in
e 
bo
th
 th
e 
ec
on
om
ic
 e
ff
ec
ts
 o
f p
ub
lic
 in
ve
st
m
en
t i
n 
R
&
D
 a
s 
w
el
l a
s 
th
e 
so
ci
al
 im
pa
ct
s 
(e
.g
. b
et
te
r 
he
al
th
 o
ut
co
m
es
).
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M
ea
su
ri
ng
 im
pa
ct
s 
is
 n
ei
th
er
 s
tr
ai
gh
tf
or
w
ar
d…
•
…
no
r 
an
 e
as
y 
ta
sk
 e
sp
ec
ia
lly
 a
s 
re
ga
rd
s 
de
m
on
st
ra
ti
ng
 
ca
us
al
it
y
•
M
an
y 
of
 th
e 
di
m
en
si
on
s 
th
ro
ug
h 
w
hi
ch
 S
&
T 
im
pa
ct
 u
po
n 
so
ci
et
y 
(e
.g
. s
oc
ie
ta
l, 
cu
lt
ur
al
 o
r 
en
vi
ro
nm
en
ta
l i
m
pa
ct
s)
 
–a
re
 n
ot
 e
as
ily
 c
ap
tu
re
d 
by
 e
xi
st
in
g 
na
ti
on
al
 s
ta
ti
st
ic
al
 
fr
am
ew
or
ks
, 
–t
he
y 
ar
e 
le
ss
 ta
ng
ib
le
 a
nd
 th
er
ef
or
e 
di
ff
ic
ul
t t
o 
m
ea
su
re
 o
r 
ev
al
ua
te
 
–a
nd
 th
er
ef
or
e 
di
ff
ic
ul
t t
o 
lin
k 
to
 p
ol
ic
y 
in
te
rv
en
ti
on
s.
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E
va
lu
at
io
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 s
oc
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 e
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no
m
ic
 im
pa
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eq
ui
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s 
th
e 
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ew
 m
et
ri
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y 
th
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se
ar
ch
 c
om
m
un
ity
!
•
B
ut
 m
us
t e
ns
ur
e 
st
ak
eh
ol
de
r 
in
vo
lv
em
en
t
•
A
ls
o 
re
qu
ir
es
 n
ew
 c
om
m
un
ic
at
io
n 
ch
an
ne
ls
  (
to
 
de
ci
si
on
 m
ak
er
s,
 to
 a
ge
nt
s,
 s
ta
ke
ho
ld
er
s)
 
•
B
al
an
ci
ng
 th
e 
te
ns
io
n 
be
tw
ee
n 
(s
ci
en
ti
fic
) r
el
ev
an
ce
 
an
d 
so
ci
al
 /
ec
on
om
ic
 im
pa
ct
s
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C
ho
ic
e 
of
 m
et
ho
do
lo
gy
 is
 n
ot
 u
ni
ve
rs
al
 b
ut
 
co
nt
ex
t s
pe
ci
fic
 (1
/2
)
Th
e 
se
le
ct
io
n 
of
 s
pe
ci
fic
 m
et
ri
cs
 fo
r 
an
 e
co
no
m
ic
 im
pa
ct
 
st
ud
y 
is
 d
et
er
m
in
ed
 b
y 
th
e 
fo
llo
w
in
g 
fa
ct
or
s:
–o
bj
ec
ti
ve
s 
of
 th
e 
st
ud
y
–t
he
 ti
m
in
g 
of
 th
e 
ex
er
ci
se
 (e
x 
an
te
 a
nd
/o
r 
ex
 p
os
t)
–n
at
ur
e 
of
 (e
xp
ec
te
d,
 k
no
w
n)
 b
en
ef
it
s 
an
d 
co
st
s
–a
va
ila
bl
e 
as
se
ss
m
en
t e
xp
er
ti
se
–r
es
ou
rc
es
 p
ro
vi
de
d 
fo
r 
th
e 
st
ud
y
–q
ua
lit
y 
of
 p
ri
m
ar
y 
da
ta
 s
ou
rc
es
 (b
ot
h 
be
ne
fit
s 
an
d 
co
st
s)
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C
ho
ic
e 
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 m
et
ho
do
lo
gy
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 u
ni
ve
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al
 b
ut
 
co
nt
ex
t s
pe
ci
fic
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R
ev
ie
w
s 
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 O
E
C
D
/S
TI
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–
B
ot
to
m
-u
p 
ap
pr
oa
ch
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 m
ay
 b
e 
fa
vo
ur
ed
, w
he
n 
th
e 
su
bj
ec
t o
f t
he
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se
ss
m
en
t i
s 
a 
re
se
ar
ch
 p
ro
gr
am
m
e 
an
d/
or
 in
st
it
ut
io
n 
th
at
 
ai
m
s 
at
 d
ev
el
op
in
g 
a 
sp
ec
ifi
c 
ty
pe
 o
f t
ec
hn
ol
og
y 
w
it
h 
a 
cl
ea
r 
in
du
st
ri
al
 fo
cu
s;
 
–
To
p-
do
w
n 
ap
pr
oa
ch
es
, e
sp
ec
ia
lly
 e
co
no
m
et
ri
c 
an
d 
m
at
he
m
at
ic
al
 m
od
el
s 
(e
.g
. g
en
er
al
 e
qu
ili
br
iu
m
),
 b
et
te
r 
su
it
ed
 to
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se
ss
 im
pa
ct
s 
af
fe
ct
in
g 
th
e 
w
ho
le
 r
es
ea
rc
h 
sy
st
em
 a
nd
 d
ea
lin
g 
w
it
h 
al
l t
yp
es
 o
f r
es
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rc
h 
(b
as
ic
 a
nd
 a
pp
lie
d)
 in
 p
ar
ti
cu
la
r 
to
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ss
 s
ys
te
m
ic
 im
pa
ct
s 
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an
te
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asu
res
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efi
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Me
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 an
d in
tan
gib
le b
en
efi
ts a
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 as
ses
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 ag
ain
st 
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ak‐
eve
n a
na
lys
is
Th
e a
mo
un
t o
f ti
me
 ne
ces
sar
y fo
r b
en
efi
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o e
qu
al c
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s
Tra
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n c
ost
s
Seg
me
nta
tio
n m
eth
od
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 ca
lcu
lat
e u
se 
an
d b
en
efi
ts t
o d
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ren
t u
ser
 
gro
up
s 
Co
st‐
eff
ect
ive
nes
s 
Ma
rgi
na
l co
sts
 fo
r a
chi
evi
ng 
spe
cifi
c g
oa
ls
Ne
t p
res
ent
 va
lue
Th
e d
iffe
ren
ce 
be
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een
 th
e p
res
en
t v
alu
e o
f ca
sh 
inf
low
s a
nd
 ou
tflo
ws
 at
 
a g
ive
n d
isc
ou
nt 
rat
e
Init
ial 
rat
e o
f re
tur
n
Th
e d
isc
ou
nt 
rat
e t
hat
 m
ake
s n
et 
pre
sen
t v
alu
e o
f a
ll c
ash
 flo
ws
 eq
ua
l to
 
zer
o
Va
lue
 as
ses
sm
ent
A c
om
ple
x m
eth
od
 th
at 
cap
tur
es 
an
d m
eas
ure
s fa
cto
rs u
na
cco
un
ted
 fo
r 
in t
rad
itio
na
l re
tur
n o
n in
ves
tm
en
t (R
OI)
 ca
lcu
lat
ion
s
Po
rtfo
lio 
an
aly
sis
A c
om
ple
x m
eth
od
 th
at 
qu
ant
ifie
s a
ggr
ega
te 
risk
s re
lat
ive
 to
 ex
pe
cte
d 
ret
urn
s fo
r a
 po
rtfo
lio 
of 
init
iat
ive
s 
Re
al o
pti
on
s a
na
lys
is
An
aly
sis
 of
 ca
pit
al i
nve
stm
en
ts i
n t
erm
s o
f th
e o
pti
on
s th
ey 
con
tai
n, 
wit
h 
un
cer
tai
nty
 ac
cou
nte
d f
or 
by 
risk
‐ad
jus
tin
g p
rob
ab
ilit
ies
 (“e
qu
iva
len
t 
ma
rtin
gal
e a
pp
roa
ch”
)
N
ew
 p
ra
ct
ic
es
 b
ei
ng
 d
ev
el
op
ed
 / 
re
fin
ed
 to
 a
ss
es
s 
im
pa
ct
s…
…
bu
t m
et
ho
do
lo
gi
ca
l i
ss
ue
s 
re
m
ai
n 
as
 d
oe
s 
th
e 
is
su
e 
of
 th
e 
(i
nt
er
na
ti
on
al
) c
om
pa
ra
bi
lit
y
•
So
m
e 
of
 th
e 
m
os
t p
ro
m
is
in
g 
an
d 
fo
rw
ar
d-
lo
ok
in
g 
pr
ac
ti
ce
s 
in
cl
ud
e:
–
ge
ne
ra
l e
qu
ili
br
iu
m
 m
od
el
s,
 e
co
no
m
et
ri
c 
an
al
ys
es
, d
at
a 
lin
ka
ge
s 
an
d 
sc
ie
nt
om
et
ri
cs
m
et
ho
ds
, s
ur
ve
y-
ba
se
d 
in
di
ca
to
rs
 c
om
bi
ne
d 
w
it
h 
ec
on
om
et
ri
c 
an
al
ys
es
 a
nd
 S
TI
LL
 c
as
e 
st
ud
ie
s.
 
•
V
ar
io
us
 m
et
ho
do
lo
gi
es
 a
re
 s
ti
ll 
ev
ol
vi
ng
 b
ut
…
–
un
ti
l n
ow
, n
on
e 
of
 th
e 
av
ai
la
bl
e 
te
ch
ni
qu
es
 h
as
 b
ee
n 
ab
le
 to
 c
ap
tu
re
 
th
e 
fu
ll 
ra
ng
e 
of
 im
pa
ct
s 
of
 p
ub
lic
 R
&
D
 o
n 
so
ci
et
y
–
al
th
ou
gh
 th
ey
 h
av
e 
op
en
ed
 n
ew
 a
nd
 e
nc
ou
ra
gi
ng
 li
ne
s 
of
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ve
st
ig
at
io
n.
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w
in
g 
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 p
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an
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n
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So
ur
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: a
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 fr
om
 C
O
M
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G
ro
w
in
g 
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m
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r 
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at
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 &
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ro
gr
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 to
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 d
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.
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G
ro
w
in
g 
nu
m
be
r 
of
 in
it
ia
ti
ve
s 
an
d 
pr
og
ra
m
m
es
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or
ld
w
id
e 
:
A
ut
on
om
ou
s 
an
d 
dr
ift
in
g 
sy
st
em
s:
•
O
ce
an
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TE
S,
 th
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A
rg
o 
N
et
w
or
k,
 E
ur
op
ea
n 
G
lid
in
g 
O
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er
va
to
ri
es
 
N
et
w
or
k,
 …
 
Fi
xe
d 
pl
at
fo
rm
s 
an
d 
sy
st
em
s:
 
•
D
at
a 
B
uo
y 
C
oo
pe
ra
ti
on
 P
an
el
, G
lo
ba
l S
ea
 L
ev
el
 N
et
w
or
k,
 …
Su
bm
er
si
bl
e 
pl
at
fo
rm
s:
•
A
ut
on
om
ou
s 
O
ce
an
 S
am
pl
in
g 
N
et
w
or
ks
, …
M
ob
ile
 p
la
tf
or
m
s:
 
•
Sh
ip
 O
bs
er
va
ti
on
s 
Te
am
 (S
O
T)
, G
lo
ba
l O
ce
an
 S
hi
p-
B
as
ed
 
H
yd
ro
gr
ap
hi
c 
In
ve
st
ig
at
io
ns
 P
ro
gr
am
 (G
O
-S
H
IP
),
 In
te
rn
at
io
na
l 
O
ce
an
 C
ar
bo
n 
C
oo
rd
in
at
io
n 
Pr
oj
ec
t (
IO
C
C
P)
, …
R
em
ot
e 
se
ns
or
s:
 
•
G
ro
up
 fo
r 
H
ig
h-
R
es
ol
ut
io
n 
Se
a 
Su
rf
ac
e 
Te
m
pe
ra
tu
re
…
.. 
de
m
an
d 
fo
r 
in
te
ns
ifi
ed
 d
at
a 
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te
gr
at
io
n 
an
d 
da
ta
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si
ng
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du
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 c
ol
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si
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f 
in
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al
 d
at
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et
s 
an
d 
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 s
om
e 
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se
s 
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ed
 n
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Te
nd
en
cy
 to
w
ar
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 im
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ed
 c
oo
rd
in
at
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n 
(e
.g
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ur
op
ea
n 
M
ar
in
e 
D
at
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O
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er
va
ti
on
 N
et
w
or
k 
(E
M
O
D
ne
t)
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ea
D
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er
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fo
rm
at
io
n 
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st
em
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r 
E
ur
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e,
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…
 fo
r 
th
e 
gr
ow
in
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ne
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or
k 
of
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te
gr
at
ed
 in
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rm
at
io
n 
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s 
w
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w
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e
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So
ur
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: a
da
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ed
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O
O
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an
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M
an
y 
pu
rp
os
es
 fo
r 
oc
ea
n 
ob
se
rv
at
io
n,
 e
.g
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–
M
on
it
or
 e
nv
ir
on
m
en
ta
l c
ha
ng
es
 o
f t
he
 m
ar
in
e 
ec
os
ys
te
m
s 
–
Im
pr
ov
in
g 
m
ar
in
e 
sp
at
ia
l p
la
nn
in
g 
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oc
ea
n 
m
an
ag
em
en
t 
–
G
en
er
at
in
g 
da
ta
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r 
ap
pl
ic
at
io
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 fo
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w
id
er
 e
co
no
m
y 
(w
ea
th
er
 
fo
re
ca
st
…
)
•
M
an
y 
ac
ti
vi
ti
es
 in
vo
lv
ed
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 o
ce
an
 o
bs
er
va
ti
on
 (r
es
ea
rc
h 
pr
og
ra
m
m
es
, p
hy
si
ca
l p
la
tf
or
m
s,
  i
nf
or
m
at
io
n 
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st
em
s…
)
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n
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re
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in
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 m
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S
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m
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pa
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n 
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n 
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y
W
id
e 
ra
ng
e 
of
 m
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an
 3
0 
ec
on
om
ic
 im
pa
ct
 s
tu
di
es
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f o
ce
an
 
ob
se
rv
at
io
n,
 b
ut
 th
ey
 a
re
 d
iff
er
 in
:
•
O
b
je
ct
iv
es
(p
ro
ve
 e
xp
en
di
tu
re
, i
nv
es
tm
en
t, 
fin
d 
m
ax
im
um
 le
ve
l o
f 
ex
pe
nd
it
ur
e,
…
) 
 
•
F
u
n
d
er
 o
f 
st
u
d
y
•
O
ve
ra
ll
 a
p
p
ro
ac
h
(s
ec
to
r-
sp
ec
ifi
c 
vs
. w
id
er
 p
ub
lic
 g
oo
d,
 m
ic
ro
 v
s.
 
m
ac
ro
 a
na
ly
si
s.
..)
 
•
G
eo
gr
ap
h
ic
al
sc
op
e
•
M
et
h
od
s 
(C
as
h-
flo
w
 N
PV
, C
os
t-
B
en
ef
it
 A
na
ly
si
s,
 O
ne
-s
id
ed
 a
na
ly
si
s 
(o
nl
y 
be
ne
fit
s 
or
 o
nl
y 
co
st
s)
...
 )
•
T
im
e-
sc
al
e
of
 r
et
ur
n 
(5
 y
ea
rs
, 3
0 
ye
ar
s…
)
->
 R
es
ul
ts
 c
an
 h
ar
dl
y 
be
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om
pa
re
d
->
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en
ef
it
s 
of
 d
iff
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en
t s
tu
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 c
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ga
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d
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C
la
ss
ify
in
g 
im
pa
ct
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tu
di
es
 b
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so
ci
o-
ec
on
om
ic
 
be
ne
fic
ia
ri
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 / 
en
d-
us
er
s?
Se
pa
ra
ti
ng
 s
tu
di
es
 b
y 
di
ff
er
en
t s
oc
io
-e
co
no
m
ic
 b
en
ef
ic
ia
ri
es
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m
m
in
g
20
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, E
ur
oG
O
O
S
sc
op
in
g 
re
po
rt
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1.
M
os
t o
f s
tu
di
es
 fo
cu
s 
on
 m
ar
ke
t-
dr
iv
en
 e
ff
ic
ie
nc
y 
in
fo
rm
at
io
n 
(b
en
ef
it
s 
to
 u
se
r)
,
2.
Fe
w
 s
tu
di
es
 fo
cu
s 
on
 im
pr
ov
ed
 e
nv
ir
on
m
en
ta
l m
an
ag
em
en
t, 
3.
Fe
w
 s
tu
di
es
 fo
cu
s 
on
 e
nv
ir
on
m
en
ta
l a
nd
 w
el
fa
re
 is
su
es
, 
im
pr
ov
ed
 r
eg
ul
at
io
ns
, n
on
-m
ar
ke
t v
al
ue
s 
an
d 
pu
bl
ic
 g
oo
d 
be
ne
fit
s 
4.
Fe
w
 s
tu
di
es
 th
at
 fo
cu
se
s 
on
 p
la
ne
ta
ry
 p
ub
lic
 g
oo
ds
, i
m
pr
ov
in
g 
th
e 
m
an
ag
em
en
t, 
m
it
ig
at
io
n,
 a
nd
 a
da
pt
at
io
n 
of
 e
nv
ir
on
m
en
ta
l 
ch
an
ge
 a
nd
 c
lim
at
e;
 g
lo
ba
l e
nv
ir
on
m
en
ta
l p
ol
ic
y 
on
 th
e 
gr
an
d 
sc
al
e
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C
la
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in
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pa
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tu
di
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 b
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fic
ia
ri
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en
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s?

D
iff
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en
t b
en
ef
ic
ia
ri
es
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 d
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en
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m
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tu
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
M
ay
 b
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ef
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 to
 c
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te
go
ri
es
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f u
se
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be
ne
fic
ia
ri
es
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B
ut
 it
 r
eq
ui
re
s 
m
ap
pi
ng
 in
 
de
ta
ils
…
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Th
e 
ne
ed
 to
 m
ov
e 
fo
rw
ar
d…

Mo
re 
pre
ssu
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to 
com
e w
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 de
ma
nd
s fo
r m
ore
 
eva
lua
tio
n /
 im
pa
ct a
sse
ssm
en
t

It r
em
ain
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to 
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int
ain
 th
e e
ffo
rt i
n b
uild
ing
 
int
ern
ati
on
ally
the
 kn
ow
led
ge 
ba
se 
to 
pro
vid
e:

Kn
ow
‐ho
w a
nd
 va
lid 
exp
eri
en
ces
 to
 
pra
ctit
ion
ers
 (av
oid
ing
 re
inv
en
tin
g t
he
 wh
eel
) 

Evi
de
nce
‐ba
sed
 inf
orm
ati
on
 to
 de
cis
ion
‐m
ake
rs 
an
d c
itiz
en
s o
n b
en
efi
ts (
an
d li
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s) o
f 
oce
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s
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An
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e e
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n o
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lph
 R
ay
ne
r
My
 ba
ckg
rou
nd
•
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Ec
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ics
•
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teg
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ed
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ce
an
 O
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erv
ing
 Sy
ste
m
•
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tio
n o
f M
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 Sc
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tifi
c I
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us
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s
•
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arE
ST
Op
era
tio
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l O
ce
an
og
rap
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ou
p
•
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era
tio
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l O
ce
an
og
rap
hy,
 
SU
T/M
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/U
nd
erw
ate
r S
ys
tem
s D
es
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•
GO
OS
 an
d G
OO
S a
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oc
ac
y
•
Va
rio
us
 oc
ea
n s
cie
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e a
nd
 te
ch
no
log
y b
us
ine
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es
Be
ne
fits
‘B
en
ef
it’
A h
elp
ful
 or
 go
od
 ef
fec
t
Ca
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rid
ge
 D
ict
ion
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Ec
on
om
ic b
en
efi
t
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ic b
en
efi
t h
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itio
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en
efi
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t c
an
 be
 qu
an
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ted
, s
uc
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 al
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 m
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d w
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ns
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n b
e e
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ca
lly 
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d o
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od
uct
 or
 
ser
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e
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asu
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ne
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rvi
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tai
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en
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pro
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pe
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con
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an
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r a
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 go
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Th
rou
gh 
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ow
ad
ay
s 
pe
op
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no
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ve
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Th
e p
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 D
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an
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Be
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fits
 of
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ati
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•
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pro
ve
d s
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nti
fic 
un
de
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an
din
g
•
Be
tte
r u
nd
ers
tan
din
g o
f th
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an
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ec
os
yst
em
 be
ne
fits
 of
 th
e o
ce
an
s
•
Be
tte
r u
nd
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tan
din
g o
f th
e r
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 of
 th
e o
ce
an
s i
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ll e
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h s
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 an
d e
sp
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the
ir r
ole
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ath
er 
an
d c
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•
Su
pp
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e f
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tio
n o
f p
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ito
rin
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en
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h m
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 to
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ea
n u
se
s
•
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uc
ati
on
al 
be
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fits
•
Su
pp
ort
ing
  s
afe
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an
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me
rge
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y r
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po
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e
•
Su
pp
ort
ing
 pr
ote
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n o
f c
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l c
om
mu
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ies
•
Un
de
rpi
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ing
 th
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ce
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inf
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ati
on
 ne
ed
s o
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co
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 m
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 an
d o
pe
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PU
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EN
EFI
TS
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CIA
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L B
EN
EFI
TS
Th
e c
ha
llen
ge
s o
f q
ua
nti
fyin
g 
ec
on
om
ic b
en
efi
ts
•
La
rge
st 
be
ne
fit 
are
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 ar
e r
ela
ted
 to
 su
pp
ly 
of 
pu
bli
c 
go
od
s
•
Ma
ny
 of
 th
e b
en
efi
ts 
are
 in
dir
ec
t (e
gi
mp
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ed
 
we
ath
er 
for
ec
as
ts)
•
Da
ta 
an
d i
nfo
rm
ati
on
 ar
e o
fte
n u
se
d i
n m
ult
ipl
e 
ap
pli
ca
tio
ns
 m
ak
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en
t o
f v
alu
e o
r c
os
t 
be
ne
fit 
dif
fic
ult
 (c
oll
ec
t o
nc
e u
se
 m
an
y t
im
es
)
•
Oc
ea
n d
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 an
d i
nfo
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ati
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y u
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d i
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 to
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rat
e b
en
efi
ts 
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n 
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be
ne
fits
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he
r d
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y 
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pp
lica
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ns
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Th
e c
ha
lle
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ing
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be
ne
fits
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 su
sta
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d o
ce
an
 ob
se
rva
tio
ns
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ve
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a p
atc
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ork
 of
 re
se
arc
h i
nit
iat
ive
s, 
po
licy
/re
gu
lat
ion
 dr
ive
n 
mo
nit
ori
ng
 an
d o
bs
erv
ati
on
s f
or 
sp
ec
ific
 
op
era
tio
na
l/c
om
me
rci
al 
ne
ed
s
On
ly s
inc
e 1
99
0 a
nd
 th
e e
sta
blis
hm
en
t o
f th
e G
lob
al 
Oc
ea
n 
Ob
se
rvi
ng
 Sy
ste
m 
tha
t th
e n
ee
d f
or 
a s
us
tai
ne
d a
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int
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ed
 op
era
tio
na
l c
ap
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 su
pp
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ing
 re
se
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h a
nd
 
mu
ltip
le 
so
cio
-ec
on
om
ic b
en
efi
ts 
ha
s b
ee
n f
orm
all
y 
rec
og
niz
ed
On
ly 
mu
ch
 m
ore
 re
ce
ntl
y t
ha
t n
ati
on
al 
co
mp
on
en
ts 
of 
GO
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 re
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he
d s
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ific
an
t le
ve
ls o
f m
atu
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ed
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rin
g s
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ne
d d
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 an
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nfo
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ati
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s e
g
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op
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st 
be
ne
fit 
an
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se
s h
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e b
ee
n c
on
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ed
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ca
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 st
ud
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ec
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 be
ne
fits
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r d
ire
ct 
ap
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ati
on
s (
eg
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 an
d b
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 clo
su
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bs
erv
ati
on
s a
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pe
rat
ion
s)
De
riv
ed
 wi
th 
wid
ely
 di
ffe
rin
g m
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gie
s 
an
d s
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eti
me
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iste
nt 
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Of
ten
 lo
ca
lly 
sp
ec
ific
Dif
ficu
lt t
o a
gg
reg
ate
 an
d c
om
pa
re
Sp
ec
ific
 Us
e B
en
efi
t S
tud
ies
Na
tio
na
l B
en
efi
t 
Th
ere
 ha
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 be
en
 a 
sm
all
 
nu
mb
er 
of 
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em
pts
 to
 
es
tim
ate
 th
e b
en
efi
ts 
of 
oc
ea
n o
bs
erv
ati
on
s a
t a
 
na
tio
na
l le
ve
l a
nd
 ac
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s a
 
va
rie
ty 
of 
en
d-u
se
s 
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pe
cia
lly 
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ag
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ure
 
thr
ou
gh
 im
pro
ve
d w
ea
the
r 
an
d s
ea
so
na
l fo
rec
as
ts)
Na
tio
na
l B
en
efi
t
Th
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e h
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e b
ee
n u
se
d t
o 
de
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ne
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t s
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po
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 na
tio
na
l 
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en
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ine
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se
rva
tio
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 st
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 m
ak
e t
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tio
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ha
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n d
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era
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na
l 
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 is 
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ll b
en
efi
ts 
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su
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ine
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en
vir
on
me
nta
l o
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ati
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Be
ne
fits
 of
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w 
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me
nta
tio
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p t
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d o
n e
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•
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s d
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me
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tio
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 re
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ne
fits
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Oc
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s a
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wit
h r
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rbo
n n
eu
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al 
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s n
eu
tra
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ne
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ssi
tat
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 su
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ine
d 
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nit
ori
ng
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e o
ce
an
s a
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ca
rbo
n s
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d
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tte
r u
nd
ers
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din
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r c
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d f
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ne
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n o
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ati
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12
 a 
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 re
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fie
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cio
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ne
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ce
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ra
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 m
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pr
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rm
ati
on
 
int
erm
ed
iar
ies
Pu
blic
 go
od
 
en
d‐u
ser
s/ 
be
ne
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 al
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 o
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 b
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r m
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at
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ro
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